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@ Quinolonecarboxylic acids. 

© Described are novel quinolinecarboxyiic acids of the general formula 

m 2 0 




:ooh 



R 2 R 3 N< 



00 
CO 



wherein R 1 is Ci-C* alkyl. R 2 and R 3 each is identically or differently hydrogen or Ci-C* alkyl, R* is 
cyclopropyl. phenyl, haio-phenyl, or thienyi optionally substituted by Ci-C* alkyl or halogen, and R is 

halogen, . . . 

or pharmaceutical!/ acceptable salts thereof having a more potent and longer lasting antibacterial activities 

against G( + ) and G(-) bacteria than known analogues. 
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V 

Quinolonecarboxylic Acids 



The present invention relates to novel quinolonecarboxylic acids exhibiting excellent antibacterial 
activities against gram-positive and gram-negative bacteria. 

The compounds described in U. S. Pat. No. 4,382,892, FR. Pat No. 2,563,521 and U. S. Pat. No. 
4,528,287 Specifications have been known as pyridonecarboxylic acid antibacterial agents. Many of these 
5 known products have problems such as induction of adverse effect like convulsions when administered to 
humans. Consequently, the aim of this invention is to provide quinolonecarboxylic acids having strong 
antibacterial activity together with reduced CNS adverse reactions such as convulsions. 

This invention relates to quinolonecarboxylic acids. Compounds of the present invention have, at the 7- 
position, a substituent possessing two asymmetric carbons. The scope of this invention extends to the 
70 optically active compounds or racemates of the general formula (I) inclusive of cis-forms and trans-forms. 

The present invention relates to quinolonecarboxylic acids of the general formula: 



75 



20 



R 



R 2 

R 3/ ' 



II' 



NH 2 0 



R 3 R 4 



( I ) 



25 



30 



wherein R 1 is Ct-C* alkyl, R 2 and R 3 each is identically or differently hydrogen or Ct-C+ alkyl, R 4 is 
cyclopropyl, phenyl, halogeno-phenyl, or thienyl which is optionally substituted by C1-C4. alkyl or halogen, 
and R 5 is halogen, or its pharmaceutical^ acceptable salts thereof. 

In this invention, C1-C4. alkyl means straight or branched chain C1-C4. alkyl, including methyl, ethyl, n- 
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyi, and the like. 

Halogen means chlorine, bromine, fluorine, or iodine. 

The compound (I) of this invention can be prepared by the following Method A or B. 



Method A 



35 



40 



1 1 H (i) R'xJ-' R 3 R* (I) 



R 5 R* ( I ) 



R 2 \ 
R 3/ 



wherein R\ R 2 , R 3 , R 4 and R 5 have the same meanings as defined above. 

Starting materials (II) can be prepared by the process described in U. S. Pat No. 4,382,892. 

The compound (I) of this invention can be prepared by reacting the starting material (II) with the amine 
(III). This reaction can be performed in a solvent such as water, an alcohol, acetonitrile, dimethyl sulfoxide 
(DMSO) or dimethylformamide (DMF). The reaction is performed at a temperature between 15-200 * C, 
preferably between 80-120 * C or around the boiling point of the solvent for one to several hours. 



Method B 



2 




wherein R means hydrogen or C-C* alkyl, R 3 ' means amino-protecting group, and R 3 , R* and R s have the 
same meaning as defined above. 

Amino-protecting group means acyl such as formyl, acetyl, or propionyl. 

(1) The compound (V) can be prepared by reacting the starting material (IV) with the amine (III). This 
reaction can be performed in a solvent such as acetonitrile, dimethyl sulfoxide (DMSO). dimethylformam.de 
(DMF) an alcohol or tetrahydrofuran (THF). The reaction is performed at a temperature from 0 C to 
around the boiling point of the solvent. In order to expedite the reaction, an inorganic base such as sodium 
carbonate, potassium carbonate, sodium hydroxide or potassium hydroxide or an organic base such as 
DBU. triethyl amine and the like may be used in a conventional manner. 

(2) The compound (VI) can be prepared by reacting the compound (V) with ethyl orthoformate and 
condensing the resultant formyl compound with the amine R*NH 2 (VIII). The former reaction is performed^ 
acetic anhydride at a temperature from 80 *C to around the boiling point of acetic anhydride. The 
condensation is performed in a solvent such as ethanol, acetone, dimethyl sulfoxide or d.oxane at a 
temperature from 0 * C to 50 * C. preferably around room temperature (15-30 C). 

(3) The compound (VII) can be prepared by the treatment of the compound (VI) with a base in a 
solvent such as DMF, THF. DMSO or acetonitrile at a temperature from 0 C to around the boiling point of 
the solvent. As the base, an alkaline metal hydride such as sodium hydride or potassium hydnde. or an 
organic amine such as triethyl amine or pyridine may be used in a conventional manner. 

(4) The compound (VII) is allowed to react with benzylamine to introduce the benzylamino group at 
the 5-position, and then the benzyl group is removed by catalytic hydrogenation. Thus, the introduction of 
benzylamino group is performed in a solvent such as acetonitrile, DMF or DMSO in a sealed tube at a 
temperature from 80 to 150 *C. The hydrogenation is performed in a solvent such as methanol, ethanol, 
acetic acid or acetronitrile over a catalyst such as Pd-C at a temperature from 0 to 50 C. preferably 
around room temperature under atmospheric pressure in a conventional manner. 

If necessary, any amino-protecting groups such as carbobenzoxy, trityl or ethoxycarbonyl on the 
pyrrolidine ring or any carboxy-protecting group may be deprotected in a conventional manner. 

The compounds of the formula (I) can be converted to acid-addition salts thereof in a conventional 
manner if desired. The salt-forming acid illustratively includes an inorganic acid such as hydrochloric acid, 
sulfuric acid or phosphoric acid and an organic acid such as methanesulfonic acid, lactic acid, oxalic acid or 
acetic acid 

The compounds of this invention may also be converted to alkaline metal salts such as the sodium or 
potassium salts. 
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Illustrative examples of the compounds (I) are shown below. 

(1 ) .( + )-1 -Cyclopropyl-5-amino-6,8-difluoro-1 ,4-dihydro-7-(cis-3-methylamino-4-methoxy-1 -pyr- 
rolidinyl)-4-oxo-3-quinolinecarboxylic acid. 

(2) (-)-1 -Cyctopropyi-5-amino-6,8-dif luoro-1 ,4-dihydro-7-(cis-3-methy iamino-4-methoxy-1 -pyrrolidinyl)- 

s 4-oxo-3-quinoiinecarboxylic acid. 

(3) ( + )-i-Cyclopropyl-5-amino-6,8-dif luoro-1 ,4-dihydro-7- (cis-3-amino-4-methoxy-1-pyrrolidinyl)-4- 

oxo-3-quinolinecarboxylic acid. 

(4) (-H -Cyclopropyl-5-amino-6,8-dif luoro-1 t 4-dihydro-7-(cis-3-amino-4-methoxy-1 -pyrroiidinyl)-4-oxo- 

3-quinoIinecarboxylic acid. 

to (5) 1 -Cyc!opropyl-5-amino-6,8-difluoro-1 ,4-dihydro-7-(cis-3-amino-4-methoxy-1 -pyrrolidiny l)-4-oxo-3- 

quinolinecarboxylic acid. 

(6) 1 -(2,4-Dif luorophenyl)-5-amino-6,8-difluoro-1 ,4-dihydro-7-(cis-3-methyiamino-4-methoxy-1 -pyr- 
rolidinyl)-4-oxo-3-quinolinecarboxylic acid. 

(7) 1 -Thienyl-6,8-difluoro-5-amino-1 f 4-dihydro-7-(cis-3-methyl-amino-4-methoxy-1 -pyrrolidinyl)-4-oxo- 

15 3-quinolinecarboxyiic acid. 

(8) 1-Cyclopropy |-5-amino-6,8-dif luoro-1 ,4-dihydro-7-(cis-3-methylamino-4-ethoxy-1 -pyrrolidiny l)-4- 

oxo-3-quinolinecarboxylic acid. 

(9) 1 -Cyclopropyl-5-amino-8-chloro-6-f luoro-1 ,4-dihydro-7-(cis-3-amino-4-methoxy-1 -pyrrolidinyl)-4- 

oxo-3-quinolinecarboxyltc acid. 
20 (10) i-Cyclopropyl-5-amino-8-chioro-6-fluoro-1,4-dihydro-7-(cis-3-methylamino-4-methoxy-1-pyr- 

roiidinyi)-4-oxo-3-quinolinecarboxylic acid. 

(11)1 -Cyciopropy I-5-amino-6.8-dif luoro-1 ,4-dihydro-7-(cts-3-methy lamino-4-methoxy-1 -pyrrolidiny l)-4- 

oxo-3-quinolinecarboxylic acid. 

The compounds (I) of this invention can be administered orally or parenteraily to humans or mammals. 

25 They can be formulated into tablets, capsules, pills, granules, injections, suppositories, and syrups by 
conventional pharmaceutical practice. The pharmaceutically acceptable carriers, diluents, and fillers include 
lactose, cane sugar, wheat starch, potato starch, magnesium stearate, gelatin, methyl cellulose, agar, water, 
etc. Stabilizers, emulsifiers, wet extenders, buffers, and other auxiliaries may be added thereto, if neces- 
sary. Suitable daily dosage for an adult is 1-500 mg, preferably 50-100 mg, orally and 0.1-300 mg 

30 parenteraily in a single or divided doses. 

The following examples, reference examples and formulation are shown to illustrate this invention. 
The abbreviations used in the examples and reference examples shall have the following meanings: 
Me : methyl 
Et : ethyl 

35 Bz : benzyl 

MeOH : methanol 
THF : tetrahydrofuran 
DMF : dimethylformamide 
DMSO : dimethyl sulfoxide 

40 DBU : 1,8-diazabicyclo[5,4,0]undec-7-ene 
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Example 1_ 

( + )~1 -Cyclopropyl-5-amino-6,8-dif luoro-1 ,4-dihydro-7-(cis-3-methy lamino-4-methoxy-1 -pyrrolidinyl)-4-oxo-3- 
quinolinecarboxylic acid hydrochloride ( M) 
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NH 2 0 A tteO NHMe A 

:oo ■ v- 

£ X H (M-l) 

(I-l) HH 2 0 



DBU 

> 



A mixture of 298 mg (1.00 mM) of the compound (11-1), 305 mg of ( + )-cis-3-methylamino-4-methoxy-1- 
pyrrolidine hydrochloride and 600 ill of DBU is refluxed in 3 ml of acetonitrile for 1 hour. The resulting 
crystals are collected by filtration and washed with acetonitrile to give 345 mg of crystals (mp. 250-251 C, 
dec.). The crude product is treated with 1 ml of 2 N-HCI and recrystallized from methanol-ethanol to give 
358 mg of the hydrochloride ( 1-1) as yellow crystals, mp. 260-263* C (dec.) 
[a]g 5 + 361.1 ± 4.0* (c = 1.004, H 2 0) 



Anal Calcd. of 1-1 (%) for Ci 9 H23N*0*F 2 CI«1/2H 2 0: 



25 




C, 50.28; 


H. 5.33; 


N, 12.34; 


F, 8.37; 


CI, 7.81 




Found (%) : 


C, 50.44; 


H, 5.59; 


N, 12.16; 


F, 7.34; 


CI, 7.60 



NMR (200M, CD 3 OD) 5 : 

1.15 (m, 4H); 2.82 (s. 3H); 3.53 (s, 3H); 3.8-4.1 (m. 6H); 4.27 (br. s. 1H); 8.53 (s. 1H) 



Example 2 



(-)-1-Cyclopropy1-5-am^ 
quinolinecarboxylic acid hydrochloride ( 1-2) 
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45 



50 



NH 2 0 

( I-i) 

DBU 



Meo NHMe 

2HC1 
H (1-2) 



NH 2 0 

pVr-« 

MeO' (1-2) 



55 A mixture of 298 mg (1.00 mM) of the compound ( 11-1), 305 mg of (-)-cis-3-methylamino-4-methoxy-1- 
pyrrolidine hydrochloride and 600 til of DBU is allowed to react in 4 ml of acetonitrile in the same manner 
as in Example 1 to give 352 mg of crystals (mp. 251-253* C dec). The crude product is treated m the same 
manner as Example 1 to give 350 mg of the hydrochloride ( I-2) as yellow crystals, mp. 264-266 C (dec.) 
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H§ 5 -364.8±4.1' (c= 1.004, H 2 0) 

Anal Calcd. of 1-2 <%) for Ci *H* .NiOiFaCl • 1/2H 2 Q: 

C 50. 28? H. 5.33; H. 12.34: F, 8.37; CI. 7.81 
Found (%) : C 50.56; K. 5.58: N, 12.22: F, 7.94; a. 7.40 
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Example 3 

( + )-1 -Cyclopropyl-5-amino-6,8-difluoro-1 ,4<lihydro-7-(cis-3-amino-4-methoxy-1 -pyrrolidinyl)-4-oxo-3- 
quinolinecarboxylic acid hydrochloride ( K3) 



20 



25 



* A 
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DBU 




HC1 
( 1-3) 



35 



A mixture of 298 mg (1.00 mM) of the compound ( li-1) f 284 mg of ( + )-cis-3-amino-4-methoxy-1 - 
pyrrolidine hydrochloride ( III-3) and 600 ulI of DBU is refluxed in 3 ml of acetonitrile for 1 hour. The 
resulting crystals are collected by filtration and washed with acetonitrile to give 352 mg of crystals (mp. 
243-245 ° C). The resulting product is treated with 1 ml of 2N-HCI and recrystaiiized from ethanol to give 
40 342 mg of the hydrochloride ( I-3) as yellow crystals, mp. 260-263 * C (dec.) 
[a]g 5 + 287.2±1.6* (C = 2.013, H 2 0) 
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Anal Calcd. of 1-3 <%) for Ci a H* iN*F 2 Cl • H 2 0: 

G 48.17: fl. 5.16: N, 12.48: F, 8.47: a. 7.90 
Found (%) : C 48.26; B. 5.20: N. 12.51: F, 8.08; CI. 7.81 



NMR (200M, CD3OD): 

1.15 (m, 4H); 3.52 (s, 3H); 3.8-4.1 (m, 6H); 4.22 (br, s, 1H); 8.15 (s. 1H) 



Example 4 
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-Cyclopropy!-5-amino-6,8<Mlu^ 



quinolinecarboxylic acid t^rochloi^M I-4) 



70 



75 



NH2 J MeO NH 2 

F A 

( 1-1) 



DBU 



2HC1 

H (1-4) 
NH 2 0 



( 1-4) 



ttafl- 



20 A mixture of 298 mg (1.00 mM) of the compound ( H-1), 284 mg of (-)-cis-3-amino-4-methoxy-1- 
pyrrolidine hydrochloride ( III-4) and 600 ul of DBU is allowed to react in 3 ml of acetonitrile in the same 
manner as in Example 3 to give 343 mg of crystals (mp. 242-244 *C). The resulting product is treated in 
the same manner as in Example 3 to give 310 mg of the hydrochloride ( i-4) as yellow crystals, mp. 261- 
263 " C (dec.) 

2S [a]§ 5 -286.3£1 .6 * (C = 2.005, H 2 0) 
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Anal Calcd. of I-4 (%) for C 


18 H2iN*F 2 CUH20: 








C, 48.17; 


H, 5.16; 


N, 12.48; 


F ( 8.47; 


CI. 7.90 


Found (%) : 


C, 48.10; 


H, 5.21; 


N, 12.46; 


F, 7.95; 


CI, 7.62 



35 Example 5 

1-Cyclopropyl-5-amino-6,8-difluoro-1 t 4-dihydro-7>(cis-3>amino-4-methoxy-1-pyrrolidinyi)-4-oxo-3- 
quinolinecarboxylic acid ( I-5) 

40 
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F A (W-3) 



OH 



(6) 



m 2 o 



H 2 N 



m A mixture of 1 8 q (11.4 mrnol) of c is-3-acetoamino-4-methoxypyrrolidine ( IH-5), 958 mg of NaHCOa 
and 3 2^ g 0 4 IS of ethyl 2,3A5.6-pentaf.uorobenzoy.acetate (.V-1) is stirred in 20 ml o acetones 
a^d refluxed for ^ hour. After removing the solvent, the residue is d.ssolved in methylene chionde and 
washed wfth water and the solution is dried over magnesium sulfate and concentrated. The res.due .s 
SalTd wTth emer and the resulting crystals are collected by filtration to give 2.80 g of the compound ( V- 
1). mp. 145-146 *C. 



Anal Caicd. (%) for C18H20N2O5F4: 






C, 51.11; 


H, 4.74; 


N, 6-69; 


F, 18.08 


Found (%) : 


C, 51.43; 


H, 4.80; 


N, 6.66; 


F, 18.08 



55 



^^.coc^ ^ ^ (s 3H); ^ (m 1H); ^ (m 6H); 42Q (q> J=7H2> 2H); 4 . 55 (m , 

1H): (| 0 A mi'^oM 1 5 H g (3.57 mrnol) of the compound (V-1). 832 ul of ethyl orthoformate and 674 uL of 
acetic anhySe is refiuxed for 2 hours and the reaction mixture is concentrated under reduced pressure. 



The residue is mixed with a solutio^f 1.0 ml of cyclopropylamine in 5 ml of ethanol and stirred at room 
temperature for 20 minutes, and traction mixture is concentrated under reA pressure. The crude 
product is subjected to chromatogSpTiy (toluene : ethyl acetate = 2.1 v/v) onWobar Column B® and 
recrystallized from ethanol to give 1 .10 g (Yield : 95 %) of the compound ( VI-1). m.p. 175-176 C 



10 
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20 



25 



Anal Calcd. (%) for C22H25N3O5F*: 


Found (%) : 


C. 54.14; 
C, 54.32; 


H, 5.35; 
H, 4.97; 


N, 8.53; 
N, 8.65; 


F, 15.20 
F. 15.62 



0*1.0^.^1 C 00(t.'j-7Hz. 0.6H); 1.14 (t, J = 7Hz, 2.4H); 2.00 (s, 3H); 2.98 (m, 1H); 3-40 (s, 2 AH); 3.41 
(s. 0.6H); 3.5-3.9 (m, 6H); 4.04 (q. J=7Hz. 0.4H); 4.09 (q. J = 7Hz, 1.6H); 4.55 (m. 1H); 6.08 (d, J = 8Hz, 1H); 
8.24 (d, J = 1 5Hz, 0.8H); 8.26 (d, J = 1 5Hz, 0.2H) 

(3) To a stirred solution of 630 mg of the compound ( VI-1) in 3 ml of DMF is added 60 mg of 60 /= 
NaH at room temperature and the mixture is storred for 10 minutes. The reaction mixture is mixed with 7 ml 
of 0 5N-HCI and the resulting crystals are collected by filtration, washed with water and dissolved in 
methylene chloride. The solution is dried over MgSO* and concentrated, and the residue is treated with 
ethyl acetate. The resulting crystals are collected by filtration to give 594 mg (Yiled : 97.8 %) of the 
compound (VIM), mp. 234-235 * C 



Anal Calcd. (%) for C22H24N3O5F3: 






C, 56.51; 


H, 5.30; 


N, 9.03; 


F, 12.66 


Found (%) : 


C, 56.53; 


H, 5.18; 


N, 8.99; 


F, 12.19 



30 
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NMR (200M, CDCI3) S : , , _ en 

1.0-1.3 (m. 4H); 1.38 (t. J=7Hz, 3H); 2.07 (S. 3H); 3.44 (s. 3H); 3.6-4.0 (m. 6H); 4.36 (q. J=7Hz, 2H); 3.60 

(m, 1H); 6.27 (d, J = 8Hz, 1H); 8.40 (s. 1H) 

(4) A mixture of 500 mg (1.07 mM) of the compound ( VII-1). 470 lit of Et 3 N and 180 ut of 
benzylamine is poured into 4 ml of acetonitrile, and the solution is stirred in a sealed tube at 130 C for 3 
hours The reaction mixture is concentrated under reduced pressure to dryness and the residue is dissolved 
in methylene chloride. The solution is washed with 0.5N-HCI, dried over MgSO* and concentrated The 
residue is treated with ethyl acetate and the resulting^ crystals are collected by filtration to give 589 mg 
(Yield : 99.3 %) of the compound ( VII-2). mp. 191-192 * C 





Anal Calcd. (%) for C29H32N4OSF2: 


40 




C, 62.50; 


H, 5.97; 


N, 9.87; F, 6.74; 


Found (%) : 


C, 62.81; 


H, 5.82; 


N, 10.10; | F, 6.85; 



45 



50 



NMR (200M, CDCIa) « : „ , , , u , U1 . eo 

0 9-1 3 (m 4H)- 1.37 (t, J = Hz. 3H); 2.04 (s, 3H); 3.39 (s, 3H); 3.5-3.9 (m, 7H); 4.35 (q, J = 7Hz. 2H); 4,52 (m, 
1 H); 4.54 (d, J = 3Hz, 2H); 6.1 3 (d. J = 8Hz, 1 H); 7.2-7.4 (m. 5H); 8.35 (s. 1 H) 

(5) To a mixture of 7 ml of acetic acid and 7 ml of ethanol are added 459 mg (0.83 mM) of the 
compound ( Vll-2) and 80 mg of 5% Pd-C, and the resulting mixture is hydrogenated at room temperature 
and at atmospheric pressure and filtered. The filtrate is concentrated under reduced pressure and the 
residue is dissolved in methylene chloride. The organic layer is washed with water, dried over MgSO* and 
concentrated. The residue is treated with ethyl acetate and the resulting crystals are collected by filtration to 
give 318 mg (Yield : 82.7 %) of the compound ( VII-3). mp. 199-201 C 



55 



Ana! Calcd. (%) for C22H26N4O6F2: 






C, 56.93; 


H, 5.66; 


N, 11.82; 


F, 8.08 


Found (%) : 


C, 56.89; 


H. 5.64; 


N, 12.06; 


F, 8.18 
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JEfSTJ^ft J-™* » 2-06 <s. my. 3.42 (S. 3H); 3.5-4.0 (n, 6H); 4.36 (,. J-7H*. 2H); 4.59 
sea ,U , U b. a, ,10 - C «or 5 hours. IM MM. ^ J^*^ J ^S-Mfc 
63.6 %) of the objective compound ( 1-5). mp. 222-223 C 
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Anal Caicd. (%) for C18H20N4O4F2: 






Found (%) : 


C, 54.34; 
C, 54.82; 


H, 5.04; 
H, 5.11; 


N, 14.01; 
N, 14.21; 


F, 9.19 
F, 9.63 



75 



NMR (200M, DMSO) 5 : Qjte/ 4U . 

1.0-1.2 (m. 4H); 3.36 (s, 3H); 3.4-4.1 (m, 7H); 8.45 (s, 1H) 



Example 6 

2Q 



3^3^uinolinecarbo xylic acid h ydrochloride ( jjj) 

25 

F .A^F H ( ^' 6 > 



35 



40 




T (1-2) S 8 * 9 



F 




* . ♦ nf inn ma of i-(2 4-difiuorophenylh5-amin<>6y,8-trifluoro-1,4-dihydro-4-oxo-3-quinolinecar- 
A solution of 100 mg of i amuoropiw y , heated in oil 

- boxylic acid ( 11-2), 102 mg of the compound ( WriTBW^*JM ^ mjxed 
oath for 2 hours The -action mixture compound ( ,, 2) is 

with water and the re «*no. "^^J^^ reaction is carried out by adding 102 mg of the 

contained in <^%^ d „ D bS to the crude product, dissolving the mixture in 20 ml of DMSO and 
compound ( III-6) and 76 mg of DBU I to the «M proau y ^ The 

so heating it at 100 C on oil bath for 2 hours The reaction m ^ . g 

'TiTo^/^^^ V conc^ under reduced pressure 
25 L ^tSl?^ acetone for crystallization. The resulting crystal are filtered to g-ve 

90 mg of the hydrochloride ( 1-6) as yellow crystals. 

55 mp. over 290 ° C (dec.) 



, R „ Nujol . 3420, 3300 (NH), 1730, 1630 cm" 1 

,ri m aw 

'HNMR (200 MHz, DMSO) 5 : 



10 



2.12 (s, 3H, N-CH3); 2.59 (s. 3H, Ottfci; 7.2-8.1 (m, 3H); 8.43 (s, 1H, C 2 -H) 



Anal Calcd. (%) for C22H 2 oN«0*F*»HCU0.4H20: 



Found (%) 



C, 50.42; 


H, 4.19; 


N, 10.69; 


F, 14.49; 


C, 50.67; 


H, 4.45; 


N, 10.70; 


F, 14.16; 



CI, 6.76 
CI, 6.54 



70 



Example 7 



1-Thienyl-6,8Kiifluoro-5-amm^^ 
quinolinecarboxylic acid hydrochloride ( I-7) 



T5 



20 



25 



30 



35 



40 




(1-7) 

(1) A mixture of 500 mg of ethyl 1-thienyl-5-benzylamino-6,7,8-trifluoro-1 ,4-dihydro-4-oxo-3-quinolinecar- 
boxylate ( II-3), 443 mg of the compound ( III-6), 331 mg of DBU and 10 ml of DMSO is heated on an oil 
bath for 3 hours. The reaction mixture is concentrated under reduced pressure, and the residue is 
chromatographed on a column of silica gel and eluted with chloroform and methanol (50 : 1 v/v). The eluate 
is concentrated to give 120 mg (Yield : 19 %) of the objective compound 1^ 

NMR (200 MHz, CDCI 3 ) S : 

1.37 (t. J = 7Hz, 3H, -CH2CH3); 2.46 (s, 3H, -NHCH 3 ); 3.36 (s, 3H, -OCH3); 3.0-4.8 (m); 4.37 (q, J = 7Hz, 2H, 
-CH2CH3); 3.0-4.7 (m); 6.9-7.5 (m); 8.15 (s, 1H, C 2 -H) 

(2) To a solution of 80 mg of the compound 1 in 20 ml of methanol are added 40 mg of 10 % Pd-C and 
2 ml of 2N-HCI, and the mixture is hydrogenated at room temperature at a pressure of 5 at with hydrogen 
for 7 hours. The solution is filtered with sellaite to remove Pd-C and the filtrate is concentrated under 
reduced pressure. The residue is dissolved in chloroform and the solution is washed with saturated 
NaHCOs. The chloroform layer is chromatographed on a column of silica gel and eluted with chloroform 
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and methanol (10:1 v/v). The eluate is concentrated to give 26 mg (Yield: 39 %) of the compound 2 as 
foamy residue. 

IR v m a x 1 3 : 3500 » 3300 (- NH 2>. 1 722 « 1 698 > 1 630 cm " 1 

5 NMR (200M, CDCI 3 ) 5 : 

1.36 (t, J = 7Hz, 3H); 2.46 (s, 3H t -NHCH3); 3.37 (s, 3H, -OCH3); 3.0-4.0 (m); 4.35 (q, J = 7Hz, 2H); 6.5-7.3 
(m); 8.15 (s f 1H, C 2 -H) 

(3) A mixture of 26 mg of the compound 2, 1 ml of 2N-HCI, 2 ml of ethanol and 2 ml of water is heated 
on an oil bath at 100 *C for 1 hour. After cooling, the mixture is concentrated under reduced pressure and 
10 the residue is treated with methanol. After removing the insoluble rnatter.the filtrate is concentrated. The 
resulting residue is crystallized from acetone and filtered to give 18 mg (Yield : 75 %) of the hydrochloride ( 
I-7). mp. 280-285 # C (dec.) 

IR v max 01 : 3420 » 3300 ' 1 730 ' 1 640 crrr1 

75 NMR (200 MHz, D 2 0) 8 : 

2.82 (s, 3H, -NHCH 3 ); 3.44 (s. 3H, -OCH 3 ); 3.4-4.4 (m); 7.0-7.6 (m); 8.40 (s, 1H, C 2 -H) 
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Example 8 

1-Cyclopropyl-5-amino-6.8-dif)uofo-1^ 
quinoHnecarboxylic acid hydrochloride ( I-8) 



25 



30 



35 



40 



45 



m 2 0 

F^JCJ^OOYI EtO lIHMe 

f A 
<i-i) 



2HC1 
H (1-7) 



DBU 



NH 2 0 



M l HCl • 0. 2SH 2 0 

EtO^ -7 F A (1-8) 

To a suspension of 2.30 g (7.71 mM) of the compound ( 11-1) in 70 ml of dry acetonitrile are added 
2.842 g of the compound ( III-7) and 4.61 ml of DBU, and the reaction mixture is stirred on an oil bath at 
100 * C for 1.5 hours. After cooling the mixture, the resulting crystals are collected by filtration to give 2.971 
g (Yield : 91.2 %) of yellow crystals. The crystals are dissolved in a mixture of 7 ml of 2N-HCI and 2.3 mi of 
c-HCI and the solution is concentrated under reduced pressure. The resulting residue is mixed with 50 ml of 
ethanol, and the. solution is allowed to stand overnight at 5 ° C. The resulting crystals are collected by 
filtration and recrystallized from water-ethanol-acetone to give 3.102 mg of the hydrochloride ( I-8) as yellow 
crystals, mp. 278-286 ° C (dec.) 



50 



Anal Caicd. (%) for C 2 oH24N404F2#HCU0.25H 2 0: 



Found (%) : 



C, 51 .84; 


H, 5.55; 


N, 12.09; 


F, 8.20; 


CI, 7.65 


C. 51 .84; 


H, 5.71; 


N, 12.08; 


F, 7.75; 


CI, 7.28 



55 



Example 9 
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1-Cyclopropyl-5-amino-8-chloro-6-fl 
quinolinecarboxyiic acid ( I-9) 



^^^^ 



i-1 ,4-dihydro-7-(cis-3-amino-4-methoxy-1-pyrrolidinyl)-4-oxo-3- 



10 



15 



m 2 o 

01 A (1-4) 



IleO HH 2 




DBU 



( 1-9) 
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25 



30 



35 



To a solution of 188 mg (0.6 mmol) of l-cyciopropyl-S-amino-S-chloro-e^-difluoro-l^dihydro^-oxo-S- 
quinolinecarboxylic acid < 11-4) in 4 ml of acetonitrile are added 231 mg (1.8 mmol) of the compound ( III-8) 
and 122 mg (1.2 mmol) of triethylamine. The reaction mixture is refluxed for 3 hours. After cooling, the 
resulting crystals are collected by filtration. The crude crystals are recrystallized from methylene chloride- 
methanol-ethyl acetate to give 153 mg (Yield : 60.2 %) of 1-cyclopropyl-5-amino-8-chloro-6-fluoro-7-(cis-3- 
methylamino-4-methoxy-1 -pyrrolidinyl)-1 ,4-dihydro-4-oxo-3-quinolinecarboxylic acid ( I-9). mp. 206-207 C 



Anal Calcd. (%) for C19H22CIFN4OA: 




Found (%) : 


C, 53.71; 
C. 53.79; 


H, 5.22; 
H, 5.11; 


CI, 8.34; 
CI, 8.38; 


F, 4.47; 
F. 4.58; 


N, 13.19 
N, 13.28 



IR (Nujol) : 3396, 3272, 1728, 1630, 1605 cnrr 1 
NMR (DMSO-de)5 : 

8.65 (1H, s, 2-H); 7.7-7.3 (2H, br, NH, COOH); 4.35 (1H, m, -C 3 H e ); 3.98 (2H); 3.56 (2H); 3.35 (3H, s. OCH 3 ); 
3.33 (2H); 2.43 (3H, s, NCH3); 1.26-0.74 (4H, m, -C 3 H 6 ) 
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Example 10 
1-Cyciopr^ 

quinolinecarboxyiic acid ( 1-10) 
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m o 

f Ym C0OH 



MeO NHt 



10 




NHMe 

2HC1 
(1-6) 



DBU 



75 



20 



25 



( I -10) 



io^uSneciylic acid ( MO) (Yiled : 48.8 %). mp. 190-192 C (dec.) 



Anal Caicd. (%) for C18H20CIFN4O4: 




I C, 52.62; 
Found (%): | C, 52.66; 


H, 4.91; 
H, 4.94; 


j CI, 8.63; ■ 
j CI, 8.15; - 


F, 4.62; 
F, 4.91; 


I N, 13.64 
| N. 13.24 



30 



IR (Nujol) : 3444, 3320. 1714, 1639 cm 1 

HNWCM^ 70 . 64 (3H bfi NH2 , COOH); 4 . 22 (1H . m, C 3 H 5 ); 4.0-3.6 (6H); 3.46 (3H. s, OCH 3 ); 1-3-0.7 
(4H) 



Example 11 




40 
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50 



m 2 0 



h (m-6) 

HH 2 0 

:ooh 



HeNH 



Lvl * hc1 

MeO^ ^ (I . U 



) 



DBU 



To a m ixtU ,e of 320 n, (,07 mM) * - ~d ^M) — 'bL^ " 

ss added 10 ml of aceton.tnle and 0.64 ml of DBU. and tne re * c , t jvQ 412 mg of the 

crystals, mp. 262-264 C (dec.) 
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Anal Cfl^(%)for C19H22N4O4F2 : 






C, 55.88; 


H, 5.43; 


N, 13.72 




Found (%) : 


C, 55.82; 


H, 5.45; 


N, 13.56 



TO 



Reference Example 1 



cis-3-Amirio^methoxypyrrolidine 



75 



20 



25 



30 



35 



40 



45 



Boc 



ft 



tleO 1 NH a 1. 
(1) 



Boc 



ft 



HOyCOOH 

HCK'-COOH 
MeO NH2 

L(+) -tartrate _4_ 

Boc 



ft 



Calo +28. 5 ±0. 5* 



1 

H 

ft 



(4) 



HC1 



Ca]^*54.5±0.9' 



50 



Boc 1 

ft") 



HO^.COOH 

vm HO^SCOOH 
tteO NH 2 

D(-)— tartrate 5 



Boc 

6 



MeO 

C<z]*-28.2±0.6' 



i 



NH 2 2. 
0. 6 

(S) 



H 



HC1 



ft* 

tleO NH 2 9 

Ca]?-S4.5±i.2' 



55 



(1) A racemic mixture of 10 g of the 3,4-cis-pyrrolidine compound 3 is treated with 10 g of L( + )-tartaric 
acid in 50 ml of methanol, and allowed to stand at room temperature fo7 3 hours. The resulting L( + )-tartrate 
is collected by filtration and recrystallized from methanol to give 6.12 g of the L( + )-tartrate 4 (mp. 197-198 
* C, dec). All of the filtrates are combined and evaporated under reduced pressure. After the residue is 
dissolved in saturated brined the solution is basified with K 2 C0 3 and extracted with ethyl acetate. Then the 
extract is washed with saturated brine, dried over MgSO* and concentrated under reduced pressure to give 
6.16 g of an oily substance. Then the substance is dissolved in 40 ml of methanol. The solution is mixed 
with 6.0 g of D(-)-tartaric acid and left at room temperature for 3 hours. The resulting D(-)-tartrate is 
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collected by filtration and the crystals are recrystallized from methanol to give 5.62 g of D(-)-tarfrate 5 (mp. 
197-198 * C. dec). The mother liquor is treated in the same manner as descr.bed above to give the L( + )- 
tartrate and the crystals are recrystallized to give 0.57 g of L( + h tartrate 4. The resultmg ^ '.quor . 
treated in the same manner as described above, and mixed with D(-)-tartanc ac.d to g,ve 0.37 g of D(-)- 

tartrate 5. 

L( + )-tartrate 4 : 

Wd 6 +34.1 ±0.7° (c = 1.015, methanol), mp. 197-198 C (dec.) 



70 


Anal Calcd. (%) for CioHzoNaOa^HsOs : 




C, 45.69; 


H, 6.96; 


N. 7.63 




Found (%) : 


C, 45.90; 


H, 7.15; 


N. 7.65 



D(-)-tartrate 5 : 
75 l> Id 6 +33.410.7* (c = 1 .015, methanol) 
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30 



35 





Anal Calcd. (%) for CioH2oN 3 03«C4Hg06 : 






C, 45.76; 


H, 6.89; 


N, 7.63 


20 


Found (%) : 


C, 45.90; 


H.7.15; 


N r 7.65 



40 



45 



(2) 6.10 g of the L( + ^tartrate 4 are treated in the same manner as described in (1) to give 3.80 g of the 
compound 6 as an oily substance. 

[a]§ 6 + 28.5±0.5° (c= 1.407, methanol) 
NMR (200M, CDCI 3 ): 

1.46 (s, 9H); 2.27 (brs, 2H); 3.1 (m, 1H); 3.40 (s, 3H); 3.3-3.6 (m, 4H); 3.7 (m, \H) 

(3) 5.60 g of the D(-)-tartrate 5 are treated in the same manner as described (1) to give 3.30 g of the 
compound 7 as an oily substance. 

[«]g 6 -28.2±0.6° (c = 1.163, methanol) 

NMR (200M, CDCIa): , ^ o , , ^ u _ 

1 .46 (s, 9H); 1 .85 (brs, 2H); 3.1 (m, 1H); 3.40 (s. 3H); 3.3-3.6 (m, 4H); 3.7 (m, 1 H) 

(4) A solution of 2.0 g of the compound 6 in 3.1N-HCI in 20 ml of methanol is stirred at room 
temperature for 1 hour and concentratd under reduced pressure. The resulting residue is recrystallized from 
methanol to give 1.58 g of the compound 8 as hygroscopic crystals, mp. 207-208 C 

[a]§ 4 +54.5±0.9* (c = 1.1 11, methanol) 



Anal Calcd. (%) for C e Hi4N 2 OCI 2 : 


Found (%) : 


C, 31.76; 
C, 31.43; 


H, 7.46; 
H, 7.34; 


N, 14.82; 
N, 14.83; 


CI, 37.50 
CI, 37.51 



(5) 2.0 g of compound 7 are allowed to react in the same manner as in (4) to give 1.63 g of hygroscopic 

crystals 9. 

m.p. 208-209 *C 

[a]g 4 -54.4±1.2° (c = 0.814, methanol) 



50 



Anal Calcd. (%) for C e Hi*N 2 OC.2 : 






C. 31.76; 


H, 7.46; 


N, 14.82; 


CI, 37.50 


Found (%) : 


C, 30.43; 


H, 7.31; 


N, 14.58; 


CI, 37.51 
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Reference Example 2 



ciS'3-Methyiannino-4-methoxypyrrol^ ^ 

Boc foe 

6 6 

(1) ' (2) 
Boc foe 



Ca] D -28.2* 



A A 



(4) 

Bcc Boc 



A 



6 



KeO NCH 3 Boc 12 MeO NCH3B00 u. 

^ < S > ~ 1 <6> 

H H 

A. HQ Jk-HCl 
Ca3 0 +52.1- W. Cal 0 -53.r 

Me0 C1HCH3 MeO NHCH3 

ae0 14 15 

(1) To a solution of 1.50 g (6.93 mM) of the compound 6 in 10 ml of methanol are added 2.0 ml of di- 
tert-butyl dicarbonate. The reaction mixture is stirred for 30 minutes under ice-cooling and further 30 
minutes at room temperature. The solvent is distilled off under reduced pressure, and the resulting residue 
is subjected to chromatography on a Lobar columnB® (toluene : ethyl acetate = 4:1 v/v) to give 2.30 g of the 
compound 10. 

(2) l!50 g (6.93 mM) of compound 7 are allowed to react in the same manner as in (1) to give 2.30 g 
of the compound 1 1 . 

(3) A solution of 2.20 g (6.90 mM) of the compound 10 in 10 ml of DMF is mixed with 414 mg of 
60% NaH under ice-cooling, and stirred at room temperature for 15 minutes. The reaction mixture is poured 
into ethyl acetate, and the solution is washed with water for three times. The extract is dried over MgSO* 
and concentratd under reduced pressure. The residue is subjected to chromatography of Lobar column B® 
(toluene : ethyl acetate = 7:1 v/v) to give 2.25 g of the compound 12. 

(4) 2.30 g (6.90 mM) of the compound 11_ are allowed to react in the same manner as in (3) to give 

2.20 g of the compound 13. ^ 

(5) To 2 10 g (6.4"mM) of the compound 12 are added 60 ml of 3.1 N-HCI-MeOH gradually, and the 
reaction mixtrue is stirred at room temperature for 1.5 hours and then concentrated under reduced 
pressure. And the residue is recrystallized from ethanol to give 1.25 g of the compound 14 as hygroscopic 
crystals. 

mp. 180-182 " C 

[a]o 4 +52.1 ±1.0* (c = 0.973. methanol) 



17 



EP 0 347 851 A1 



10 



15 



20 



Anal Calcd. (%) for CsHieNaOCb : 






C, 34.80; 


H, 7.90; 


N, 13.52 


Found (%) : 


C. 35.48; 


H, 7.94; 


N, 13.79 



(6) Compound 13 2.10 g (6.40 mM) is allowed to react in the same manner as in (5) to give 1.21 g of 
the compound 15 as hygroscopic crystals, m.p. 178-180 . C 
[a]g 4 -53.1 ±0.9 (c = 1 .026, methanol) 

Antibacterial spectrum 

The antibacterial activity was determined by measuring the minimum inhibitory concentration (MIC ) in 
accordance with the method designated by the Japan Society of Chemotherapy. The results are shown ,n 
Table 1. 

A, B, C and D in the table indicate the following meanings: 

A : Staphylococcus aureus SMITH 

B : Staphylococcus aureus SR 14 (R) 

C : Escherichia coli EC-14 

D : Escherichia coli SR377 (R) 
The test microorganisms were used at a density of 10 6 cells/ml. 

Table 1 



25 



30 



35 



Compound 
No. 


MICs (ug/ml) 


A 


B 


C 


D 


1-11 


0.05 


0.05 


0.05 


0.1 


1-1 


0.1 


0.1 


0.1 


0.2 


I-2 


0.05 


0.05 


0.05 


0.1 


I-5 


0.02 


0.05 


0.02 


0.05 


I-3 


0.05 


0.05 


0.02 


0.1 


I-4 - 


0.02 


0.02 


0.02 


0.05 


OFLX* 


0.2 


0.4 


0.1 


0.1 



':OFLX: ofloxacin (Reference drug) 



These results demonstrate that the compounds of this invention show strong antibacterial activity 
40 against gram-positive and gram-negative bacteria. 



Claims 

45 (1) Quinolonecarboxylic acids of the general formula I 

iffi 2 0 



50 




(I) 



55 wherein Ft 1 is C-C* alkyl, R 2 and R* each is identically or differently hydrogen or C-C* alkyL R* is 
ryc.opro P yl/pheny«;halo^pheny., or thieny, optionally substituted by C-C. a.kyl or halogen, and R 5 « 



1ft 



(cis-3-methylamino^methoxy-V acid - ^ 

(3) The compound described m^Ri 1, that is (.)-1-cyclopropyl-5-amino-6,8-c^^ro-1,4-dihydro-7-(cis- 
3-methylamino-4-methoxy-1 -py rrolidin^H-oxo-3-quinolinecarboxy lie acid. 

(4) The compound described in Claim 1, that is ( + ).1-cyclopropyl-5-amino-6,8-difluoro-1.4-dihydro-7- 
s (cis-3-amino-4-methoxy-1-pyrrolidinyi)-4-oxo-3-quinolinecarboxylic acid. 

(5) The compound described in Claim 1, that is (.)-1-cyclopropyl-5-amino-6 f 8-difluoro-1,4-dihydro-7-(cis- 
3-amino-4-methoxy-1 -pyrroiidinyl)-4-oxO"3-quinoliriecarboxy lie acid. 

(6) The compound described in Claim 1, that is 1-cyclopropyl-5-amino-6,8-difluoro-1,4-dihydro-7-(cis-3- 
amino-4-methoxy-1-pyrrolidinyl)-4-oxo-3-quinolinecarboxylic acid. 

ro * (7) The compound described in Claim 1. that is l^a^ifluorophenyO-S-amino-S.S-difluoro-l^dihydro- 
7-(cis-3-methylamino-4-methoxy-1-pyrrolidinyl)-4-oxo-3-quinolinecarboxylic acid. 

(8) The compound described in Claim 1. that is l.thienyl-6 f 8-difluoro-5-amino-1,4-dihydro-7-(cis-3- 
methyl-amino-4-methoxy-1-pyrrolidinyl)-4-oxo-3-quinolinecarboxylic acid. 

(9) The compound described in Claim 1. that is 1.cyclopropyl-5-amino-6,8-difluoro-1,4-dihydro-7-(C!S-3- 
75 methy lamino-4-ethoxy-1 -pyrrolidinyl)-4-oxo-3-quinolinecarboxyiic acid. 

(10) The compound described in Claim 1, that is 1 -cyclopropyl-5-amtno-8-chloro-6-fluoro-1 ,4-dihydro-7- 
(cis-3-amino-4-methoxy-1-pyrrolidinyl)-4-oxo-3-quinoiinecarboxylic acid. 

(11) The compound described in Claim 1, that is 1-cyclopropyl-5-amino-8-chloro-6-fiuoro-1 ,4-dihydro-7- 
(cis-3-methylamino-4-methoxy-1-pyrrolidinyl)-4-oxo-3-quinolinecarboxylic acid. 

20 (12) The compound described in Claim 1, that is l-cyclopropyl-5-amino-6,8-difluoro-1 ,4-dihydro-7-(cis- 
3-methylamino-4-methoxy-1 -pyrrolidiny l)-4-oxo-3-quinolinecarboxylic acid. 

(13) An antibacterial composition comprising an effective amount of a compound according to Claim 1. 
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